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METHOD AND APPARATUS FOR 
MONITORING AND PERFORMING 

CORRECTIVE MEASURES IN A PROCESS 
PLANT USING MONITORING DATA WITH 

CORRECTIVE MEASURES DATA 

RELATED APPLICATIONS 

This patent claims priority from U.S. Provisional Applica 
tion Ser. No. 60/669,573 which was filed on Apr. 8, 2005 and 
from U.S. Provisional Application Ser. No. 60/669,572 which 
was filed on Apr. 8, 2005, both of which are expressly incor 
porated by reference herein. 

FIELD OF TECHNOLOGY 

The present disclosure relates generally to process control 
systems within process plants and, more particularly, to 
monitoring and controlling maintenance activities within a 
process plant. 

DESCRIPTION OF THE RELATED ART 

Process control systems, like those used in chemical, petro 
leum or other processes, typically include one or more cen 
tralized or decentralized process controllers communica 
tively coupled to at least one host or operator workstation and 
to one or more process control and instrumentation devices, 
Such as field devices, via analog, digital or combined analog/ 
digital buses. Field devices, which may be, for example 
valves, valve positioners, Switches, transmitters, and sensors 
(e.g., temperature, pressure and flow rate sensors), perform 
functions within the process Such as opening or closing valves 
and measuring process parameters. The process controller 
receives signals indicative of process measurements or pro 
cess variables made by or associated with the field devices 
and/or other information pertaining to the field devices, uses 
this information to implement a control routine and then 
generates control signals which are sent over one or more of 
the buses to the field devices to control the operation of the 
process. Information from the field devices and the controller 
is typically made available to one or more applications 
executed by an operator workstation to enable an operator to 
perform desired functions with respect to the process, such as 
viewing the current state of the process, modifying the opera 
tion of the process, etc. 

While a typical process control system has many process 
control and instrumentation devices, such as valves, transmit 
ters, sensors, etc. connected to one or more process control 
lers which execute software that controls these devices during 
the operation of the process, there are many other supporting 
devices which are also necessary for or related to process 
operation. These additional devices include, for example, 
power Supply equipment, power generation and distribution 
equipment, rotating equipment such as turbines, etc., which 
are located at numerous places in a typical plant. While this 
additional equipment does not necessarily create or use pro 
cess variables and, in many instances, is not controlled or 
even coupled to a process controller for the purpose of affect 
ing the process operation, this equipment is nevertheless 
important to and ultimately necessary for proper operation of 
the process. 

Still further, many process plants have other computers 
associated therewith which execute applications related to 
business functions or maintenance functions. For example, 
Some plants include computers which execute applications 
associated with ordering raw materials, replacement parts or 
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2 
devices for the plant, applications related to forecasting sales 
and production needs, etc. Likewise, many process plants, 
and especially those which use Smart field devices, include 
applications which are used to help monitor and maintain the 
devices within the plant regardless of whether these devices 
are process control and instrumentation devices or are other 
types of devices. For example, the Asset Management Solu 
tions (AMS) application sold by Fisher-Rosemount Systems, 
Inc. enables communication with and stores data pertaining to 
field devices to ascertain and track the operating state of the 
field devices. An example of Such a system is disclosed in 
U.S. Pat. No. 5,960.214 entitled “Integrated Communication 
Network for use in a Field Device Management System. In 
Some instances, the AMS application may be used to com 
municate with devices to change parameters within the 
device, to cause the device to run applications on itself. Such 
as self calibration routines or self diagnostic routines, to 
obtain information about the status or health of the device, 
etc. This information may be stored and used by a mainte 
nance person to monitor and maintain these devices. For 
example, AMS Device Manager sold by Fisher-Rosemount 
Systems, Inc. manages and performs online monitoring of 
instruments, such as valves, transmitters, etc. within the pro 
cess plant to provide online monitoring data, diagnostics, 
alerts, etc of various assets within the process plant. Likewise, 
there are other types of applications which are used to monitor 
other types of devices. Such as rotating equipment and power 
generation and Supply devices. For example, AMS Machin 
ery Manager sold by Fisher-Rosemount Systems, Inc. ana 
lyzes and manages rotating machinery in addition to pumps, 
motors and other equipment within a process plant. These 
other applications are typically available to the maintenance 
persons and are used to monitor and maintain the devices 
within a process plant. 

Given that a typical process plant may easily includes 
hundreds and thousands of interconnected assets, some assets 
are more critical to a process within the plant or to the plant 
itself. For example, a strategically utilized valve or transmit 
ter may affect the operation of an entire process within the 
process plant as much as, or more than, a particular rotating 
equipment. Criticality evaluation services, such as failure 
defense planning provided by CSi Systems of Knoxville, 
Tenn., have been provided to evaluate the various assets 
withina plant and determining their effect on other operations 
in the plant. The resulting evaluations provide information 
regarding the criticality of each asset within a plant. In par 
ticular, a maintenance priority index is provided to quantify 
the criticality of the asset to the loop, Sub-unit, unit, area, or 
plant to which it belongs. Such information is particularly 
useful in planning plant operations, such as procedures for 
dealing with the failure of particular assets. 

Also in a typical process plant, maintenance systems and 
applications are provided. Such as Computer Maintenance 
Management systems, work/parts order generation routines 
and other maintenance applications, which may be used to 
generate work and part orders in response to a detected prob 
lem with a plant asset. The orders may be tracked to monitor 
the performance and completion of maintenance activities. 
Such maintenance systems and applications further include 
data regarding the assets within the plant, including proce 
dures for maintaining and repairing the assets. 

However, in the typical plant or process, the functions 
associated with the process control activities, the device and 
equipment maintenance activities, the monitoring activities, 
the criticality evaluations and the business activities are sepa 
rated, both in the location in which these activities take place 
and in the personnel who typically perform these activities. 
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Furthermore, the different people involved in these different 
functions generally use different tools, such as different 
applications run on different computers to perform the differ 
ent functions. 
Due to the abundance of data analysis and other detection 

and diagnostic tools available in the process control environ 
ment, either in the plant itself or via outside service compa 
nies or consultants, there is a lot of maintenance information 
which could be helpful to process operators and business 
persons. Similarly, there is a lot of information available to the 
process operator about the current operational status of the 
process control loops and other routines which may be help 
ful to the maintenance person or to the business person. Fur 
ther, criticality information may be helpful to all persons 
within a plant. For example, the maintenance person may find 
information relating to the importance of each asset particu 
larly useful in generating, directing and prioritizing work 
orders and part orders. However, in the past, because these 
functions were separated, status information, criticality infor 
mation and information regarding corrective measures were 
generated or collected in one functional area was not used at 
all, or not used very well in other functional areas which led 
to an overall Sub-optimal use of the assets within process 
plants. 

SUMMARY 

A process control system includes a data collection and 
distribution system that collects and stores data from different 
data sources, each of which may use it own proprietary man 
ner of acquiring or generating the data in the first place. The 
data collection and distribution system then makes the stored 
data available to other applications associated with or pro 
vided in the process control system or to applications associ 
ated with the data sources themselves for use in any desired 
manner. In this manner, applications may use data from vastly 
different data sources to provide a better view or insight into 
the current operational status of a plant, to make better or 
more complete maintenance decisions regarding the plant, 
etc. Thus, applications may be provided which combine or 
use data from previously disparate collection systems such as 
status information, criticality information, and corrective 
measures to determine a better overall view or state of a 
process control plant, or to take better corrective measures 
within the plant. For example, information or data may be 
collected pertaining to the status of various equipment or 
other entities within a plant. Likewise, criticality information 
pertaining to the importance of the equipment or entity may 
be collected, and information pertaining to the status of a 
corrective measure associated with the equipment or entity 
may be collected. 

Using the disclosed data collection and distribution sys 
tem, status data and criticality data may be combined, for 
example, to perform improved functions within a plant, 
including monitoring functions, diagnostic functions, main 
tenance functions, decisions, analyses, control, and optimi 
Zation. Further, using the disclosed data collection and distri 
bution system, status data and corrective measure status data 
may be combined perform improved corrective measures 
within a plant. Still further, the status data and corrective 
measure data may be combined with criticality data to per 
form improved corrective measures within the plant. Like 
wise, the detection of a problem, may cause the system and 
method to automatically generate or modify replacement 
parts, work orders or other corrective measures. There are, of 
course, many other types of applications to which the com 
bination of status, criticality and/or corrective measure data 
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4 
can be an aid by providing different and more complete 
information about the status of the assets within a process 
control plant to all areas of the process plant. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a process plant displaying 
an example of a hierarchical structure of equipment and 
instructions implemented in a process plant; 

FIG. 2 is a data and information flow diagram with respect 
to an asset monitoring and maintenance system within the 
plant of FIG. 1; 

FIG. 3 is an exemplary graphical display that may be pro 
vided by a graphical user interface to enable a user to view 
status information, criticality information and corrective 
measure information of high priority assets; 

FIGS. 4-7 are exemplary graphical displays that may be 
provided by a graphical user interface to enable a user to view 
status information, criticality information and corrective 
measure information of a lower level entity: 

FIG. 8 is an exemplary graphical display that may be pro 
vided by a graphical user interface to enable a user to view 
status information of a higher level entity; 

FIG. 9 is an exemplary graphical display that may be pro 
vided by a graphical user interface to enable a user to view 
status information of a higher level entity; 

FIG. 10 is an exemplary graphical display that may be 
provided by a graphical user interface to enable a user to view 
status information, criticality information and corrective 
measure information of lower level entities within a higher 
level entity; 

FIG. 11 is an exemplary graphical display that may be 
provided by a graphical user interface to enable a user to view 
alert information; 

FIG. 12 is an exemplary graphical display that may be 
provided by a graphical user interface to enable a user to view 
audit trail information of historical events; 

FIGS. 13 and 14 are exemplary graphical displays that may 
be provided by a graphical user interface to enable a user to 
view status information of varying levels within a plant; and 

FIGS. 15-17 are exemplary graphical displays that may be 
provided by a graphical user interface to enable a user to view 
various data sources within a plant. 

DETAILED DESCRIPTION 

Referring now to FIG. 1, a process plant 10 includes a 
number of business and other computer systems intercon 
nected with a number of control and maintenance systems by 
one or more communication networks. The process plant 10 
includes one or more process control systems 12 and 14. The 
process control system 12 may be a traditional process con 
trol system such as a PROVOX or RS3 system or any other 
DCS which includes an operator interface 12A coupled to a 
controller 12B and to input/output (I/O) cards 12C which, in 
turn, are coupled to various field devices such as analog and 
Highway Addressable Remote Transmitter (HART) field 
devices 15. The process control system 14, which may be a 
distributed process control system, includes one or more 
operator interfaces 14A coupled to one or more distributed 
controllers 14B via a bus, such as an Ethernet bus. The con 
trollers 14B may be, for example, DeltaVTM controllers sold 
by Fisher-Rosemount Systems, Inc. of Austin, Tex. or any 
other desired type of controllers. The controllers 14B are 
connected via I/O devices to one or more field devices 16, 
such as for example, HART or Fieldbus field devices or any 
other Smart or non-Smart field devices including, for example, 
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those that use any of the PROFIBUS.R., WORLDFIPR), 
Device-Net(R), AS-Interface and CAN protocols. As is known, 
the field devices 16 may provide analog or digital information 
to the controllers 14B related to process variables as well as to 
other device information. The operator interfaces 14A may 
store and execute tools available to the process control opera 
tor for controlling the operation of the process including, for 
example, control optimizers, diagnostic experts, neural net 
works, tuners, etc. 

Still further, maintenance systems, such as computers 
executing the AMS application, such as AMS Device Man 
ager sold by Fisher-Rosemount Systems, Inc., or any other 
device monitoring and communication applications may be 
connected to the process control systems 12 and 14 or to the 
individual devices therein to perform maintenance and moni 
toring activities. For example, a maintenance computer 18 
may be connected to the controller 12B and/or to the devices 
15 via any desired communication lines or networks (includ 
ing wireless or handheld device networks) to communicate 
with and, in some instances, reconfigure or perform other 
maintenance activities on the devices 15. Similarly, mainte 
nance applications such as the AMS application may be 
installed in and executed by one or more of the user interfaces 
14A associated with the distributed process control system 14 
to perform maintenance and monitoring functions, including 
data collection related to the operating status of the devices 
16. 
The process plant 10 also includes various rotating equip 

ment 20, such as turbines, motors, etc. which are connected to 
a maintenance computer 22 via Some permanent or temporary 
communication link (such as a bus, a wireless communication 
system or hand held devices which are connected to the 
equipment 20 to take readings and are then removed). The 
maintenance computer 22 may store and execute known 
monitoring and diagnostic applications 23, for example 
RBMwareTM sold by CSi Systems of Knoxville,Tenn., AMS 
Machinery Manager sold by Fisher-Rosemount Systems, Inc. 
or other any other known applications used to diagnose, 
monitor and optimize the operating state of the rotating 
equipment 20. Maintenance personnel usually use the appli 
cations 23 to maintain and oversee the performance of rotat 
ing equipment 20 in the plant 10, to determine problems with 
the rotating equipment 20 and to determine when and if the 
rotating equipment 20 must be repaired or replaced. 

Similarly, a power generation and distribution system 24 
having power generating and distribution equipment 25 asso 
ciated with the plant 10 is connected via, for example, a bus, 
to another computer 26 which runs and oversees the operation 
of the power generating and distribution equipment 25 within 
the plant 10. The computer 26 may execute known power 
control and diagnostics applications 27 Such as those pro 
vided by, for example, Liebert and ASCO or other companies 
to control and maintain the power generation and distribution 
equipment 25. 
A computer system 30 is provided which is communica 

tively connected to the computers or interfaces associated 
with the various functional systems within the plant 10, 
including the process control functions 12 and 14, the main 
tenance functions such as those implemented in the comput 
ers 18, 14A, 22 and 26 and the business functions. In particu 
lar, the computer system 30 is communicatively connected to 
the traditional process control system 12 and to the mainte 
nance interface 18 associated with that control system, is 
connected to the process control and/or maintenance inter 
faces 14A of the distributed process control system 14, is 
connected to the rotating equipment maintenance computer 
22 and to the power generation and distribution computer 26, 
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6 
all via abus 32. The bus 32 may use any desired or appropriate 
local area network (LAN) or wide area network (WAN) pro 
tocol to provide communications. Alternatively, or in addi 
tion, the computer system 30 process control system 12, 
distributed process control system 14, maintenance interface 
18, process control and/or maintenance interfaces 14A, rotat 
ing equipment maintenance computer 22, and/or the power 
generation and distribution computer 26 may be intercon 
nected via an internet and communicate via an internet-com 
patible protocol. Accordingly, the plant 10 may be provided 
with viewing and control functions via one or more remote 
facilities which to view and control the various systems, 
computers and routines within the plant 10. 

In addition, remote monitoring facilities may be commu 
nicatively coupled to the plant 10 via the internet to provide 
access to additional analysis and diagnostics resources. In one 
example, the plant 10 may be coupled to a failure defense 
planning system, which includes an analysis of the various 
plantassets and prioritizes the assets according to their impor 
tance to the plant or to systems within the plant to provide 
criticality data. 
As illustrated in FIG. 1, the computer 30 is also connected 

via the same or a different network bus 32 to business system 
computers and maintenance planning computers 35 and 36. 
which may execute, for example, enterprise resource plan 
ning (ERP), material resource planning (MRP), computer 
maintenance management systems (CMMS) including work 
order generation and tracking tools such as SAP and Maximo 
both sold by Fisher-Rosemount Systems, Inc., accounting, 
production and customer ordering systems, maintenance 
planning systems or any other desired business applications 
Such as parts, supplies and raw materials ordering applica 
tions, production scheduling applications, etc. An example of 
a work order and parts order generation and tracking tool is 
disclosed in U.S. patent application Ser. No. 10/086,159 
entitled “Automatic Work Order/Parts Order Generation and 
Tracking” which was filed on Feb. 28, 2002 and is expressly 
incorporated by reference herein. The computer 30 may also 
be connected via, for example, the bus 32, to a plantwide LAN 
37, a corporate WAN 38 as well as to a computer system 40 
that enables remote monitoring of or communication with the 
plant 10 from remote locations. 

In one embodiment, the communications over the bus 32 
occur using the XML/XSL protocol. Here, data from each of 
the computers 12A, 18, 14A, 22, 26, 35,36, etc. is wrapped in 
an XML/XSL wrapper and is sent to an XML/XSL data 
server which may be located in, for example, the computer 30. 
Because XML/XSL is a descriptive language, the server can 
process any type of data. At the server, if necessary, the data 
is encapsulated with a new XML/XSL wrapper, i.e., this data 
is mapped from one XML/XSL schema to one or more other 
XML/XSL schemas which are created for each of the receiv 
ing applications. Thus, each data originator can wrap its data 
using a schema understood or convenient for that device or 
application, and each receiving application can receive the 
data in a different schema used for or understood by the 
receiving application. The server is configured to map one 
schema to another schema depending on the source and des 
tination(s) of the data. If desired, the server may also perform 
certain data processing functions or other functions based on 
the receipt of data. The mapping and processing function 
rules are set up and stored in the server prior to operation of 
the system described herein. In this manner, data may be sent 
from any one application to one or more other applications. 

Generally speaking, the computer 30 stores and executes 
an asset utilization expert 50 that collects data and other 
information generated by the process control systems 12 and 
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14, the maintenance systems 18, 22 and 26 and the business 
systems 35 and 36 as well as information generated by data 
analysis tools executed in each of these systems. The asset 
utilization expert 50 may be based on, for example, the OZ 
expert system currently provided by NEXUS. However, the 
asset utilization expert 50 may be any other desired type of 
expert System including, for example, any type of data mining 
system. An example of an asset utilization expert is disclosed 
in U.S. Pat. No. 6,813,532 to Eryurek et al., (issued Nov. 2, 
2004), which is hereby expressly incorporated by reference 
herein. 

The asset utilization expert 50 operates as a data and infor 
mation clearinghouse in the process plant 10 and is able to 
coordinate the distribution of data or information from one 
functional area, such as the maintenance area, to other func 
tional areas, such as the process control or the business func 
tional areas. The asset utilization expert 50 may also use the 
collected data to generate new information or data which can 
be distributed to one or more of the computer systems asso 
ciated with the different functions within the plant 10. Still 
further, the asset utilization expert 50 may execute or oversee 
the execution of other applications that use the collected data 
to generate new types of data to be used within the process 
plant 10. 

In particular, the asset utilization expert 50 may include or 
execute index generation software 51 that creates indices 
associated with devices, like process control and instrumen 
tation devices, power generation devices, rotating equipment, 
units, areas, etc, or that are associated with process control 
entities, like loops, etc. within the plant 10. These indices can 
then be provided to the process control applications to help 
optimize process control and can be provided to the business 
Software or business applications to provide the business 
persons more complete or understandable information asso 
ciated with the operation of the plant 10. The asset utilization 
expert 50 can also provide maintenance data (Such as device 
status information) and business data (Such as data associated 
with scheduled orders, timeframes, etc.) to a control expert 52 
associated with, for example, the process control system 14 to 
help an operator perform control activities such as optimizing 
control. The control expert 52 may be located in, for example, 
the user interface 14A or any other computer associated with 
the control system 14 or within the computer 30 if desired. 

In one embodiment, the control expert 52 may be, for 
example, the control expert described in U.S. Pat. No. 6,298, 
454 to Schleiss et al. (issued Oct. 2, 2001) and U.S. Pat. No. 
6,633,782 to Schleiss et al. (issued Oct. 14, 2003), both of 
which are hereby expressly incorporated by reference herein. 
However, these control experts may additionally incorporate 
and use data related to the status of devices or other hardware 
within the process plant 10 in the decision making performed 
by these control experts. In particular, in the past, the Software 
control experts generally only used process variable data and 
Some limited device status data to make decisions or recom 
mendations to the process operator. With the communication 
provided by the asset utilization expert 50, especially that 
related to device status information such as that provided by 
the computer systems 18, 14A, 22 and 26 and the data analy 
sis tools implemented thereon, the control expert 52 can 
receive and incorporate device status information Such as 
health, performance, utilization and variability information 
into its decision making along with process variable informa 
tion. 

Additionally, the asset utilization expert 50 can provide 
information pertaining to States of devices and the operation 
of the control activities within the plant 10 to the business 
systems 35 and 36 where, for example, a work order genera 
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8 
tion application or program 54. Such as a Computer Mainte 
nance Management system, can automatically generate work 
orders and order parts based on detected problems within the 
plant 10 or where supplies can be ordered based on work 
being performed. Similarly, changes in the control system 
detected by the asset utilization expert 50 may cause the 
business systems 35 or 36 to run applications that perform 
scheduling and Supply orders using, for example, the program 
54. In the same manner, changes in customer orders etc. can 
be entered into the business systems 35 or 36 and this data can 
be sent to the asset utilization expert 50 and sent to the control 
routines or control expert 52 to cause changes in the control 
to, for example, begin making the newly ordered products or 
to implement the changes made in the business systems 35 
and 36. Of course, if desired, each computer system con 
nected to the bus 32 may have an application therein that 
functions to obtain the appropriate data from the other appli 
cations within the computer and to sending this data to, for 
example, the asset utilization expert 50. 

Additionally, the asset utilization expert 50 can send infor 
mation to one or more optimizers 55 within the plant 10. For 
example, a control optimizer 55 can be located in the com 
puter 14A and can run one or more control optimization 
routines 55A, 55B, etc. Additionally or alternatively, opti 
mizer routines 55 could be stored in and executed by the 
computer 30 or any other computer, and the data necessary 
therefore could be sent by the asset utilization expert 50. An 
example of an asset optimizer is the AMS optimizer sold by 
Fisher-Rosemount Systems, Inc. If desired, the plant 10 may 
also include models 56 that model certain aspects of the plant 
10 and these models 56 can be executed by the asset utiliza 
tion expert 50 or a control or other expert such as the control 
expert 52 to perform modeling functions, the purpose of 
which will be described in more detail herein. Generally 
speaking, however, the models 56 can be used to determine 
device, area, unit, loop, etc. parameters, to detect faulty sen 
sors or other faulty equipment, as part of optimizer routines 
55, to generate indices such as performance and utilization 
indices for use in the plant 10, to perform performance or 
condition monitoring, as well as for many other uses. The 
models 56 may be models such as those created by and sold 
by MDC Technology located in Teeside, England or may be 
any other desired types of models. There are, of course, many 
other applications that can be provided within the plant 10 and 
that can use the data from the asset utilization expert 50 and 
the system described herein is not limited to the applications 
specifically mentioned herein. Overall, however, the asset 
utilization expert 50 helps to optimize the use of all of the 
assets within the plant 10 by enabling the sharing of data and 
coordination of assets between all of the functional areas of 
the plant 10. 
The asset utilization expert 50 receives data as it is gener 

ated or at certain periodic times over, for example, the bus 32 
or other any communication network within the process plant 
10. Thereafter, periodically or as needed, the asset utilization 
expert 50 redistributes the data to other applications or uses 
that data to generate and provide other information useful in 
different aspects of the control or operation of the process 
plant 10 to other function systems within the plant 10. In 
particular, the asset utilization expert 50 may supply data to 
cause the index generation routine 51 to create a series of 
composite indices such as a performance index, a utilization 
index, a health index and a variability index associated with 
one or more of the devices, units, loops, areas, or other entities 
within the process plant 10. The indices will be discussed in 
more detail herein. 
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The use of models provides many new types of data or 
information for the business applications, process control 
applications and asset maintenance and monitoring applica 
tions. In particular, the models can be used to perform per 
formance monitoring and to produce a performance index 
which indicates the relative performance of a device, unit, 
area, etc. within a plant. This performance index may be a 
measure of the performance of an entity with respect to the 
possible performance of that entity. While device and unit 
models may be made and executed, similar models could be 
made and executed for process control entities, such as loops, 
units, etc. to provide performance measures and optimization 
criteria for these types of entities as well. Also, models may, 
in Some cases, be used to measure or indicate the health of 
certain devices or other entities and to provide a health index 
indicative of these entities. For example, the error measure 
ments of certain input and output sensors as determined by the 
regression analysis used on certain models may be used as or 
converted into an indication of the health of those devices. 
Also, other information not otherwise available to the process 
controller, Such as model parameters and virtual sensor mea 
surements based on the models could be provided to the 
process controllers or to the business persons for use in 
UOUS aS. 

Besides performance and health indices, the asset utiliza 
tion expert 50 can assist the index generation routine 51 in 
creating other types of indices such as a utilization index and 
a variability index. A variability index indicates how much 
Some signal into or out of, or some other parameter associated 
with a device, loop, unit, etc. Varies as compared to how much 
this signal or parameter is expected to vary. The data needed 
to create this variability index may be collected by the asset 
utilization expert 50 and provided to the index generation 
routine 51 at any desired or convenient times. Of course, the 
normal amount of variation of a signal or parameter may be 
set by a manufacturer, engineer, operator or maintenance 
person familiar with the entity or may be based on a statistical 
measure (such as an average, standard deviation, etc.) asso 
ciated with that or other similar entities within the plant and 
this normal or expected variation may be stored by or updated 
within the index generation routine 51. 

The utilization index, in one form or another, tracks or 
reflects the utilization of individual devices, units, loops, or 
other entities and may provide some indication as to whether 
these entities are being over utilized or under utilized based 
on previously determined bench marks or operational goals. 
A utilization index can be generated based on measured uses 
of the actual device. For example, a device may be measured 
as to how often it is being used within a process or is being left 
idle and this index may be compared to a desired utilization 
for that entity to determine if the entity is being over or under 
utilized. The utilization index might identify devices, units, 
loops, etc. which are not being utilized as often as they could 
be or should be or, on the other hand, which are being utilized 
too much and, thus, are being over used. In some instances, a 
utilization index might be determined based on the business 
decisions made regarding the appropriate or desired use of a 
particular device. 

Also, generally speaking, one or more user interface rou 
tines 58 can be stored in and executed by one or more of the 
computers within the plant 10. For example, the computer 30, 
the user interface 14A, the business system computer 35 or 
any other computer may run a user interface routine 58. Each 
user interface routine 58 can receive or subscribe to informa 
tion from the asset utilization expert 50, AMS applications, 
maintenance computers 18, 20, business computers 35, 36, 
failure defense planning evaluations, etc. and either the same 
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or different sets of data may be sent to each of the user 
interface routines 58. Any one of the user interface routines 58 
can provide different types of information using different 
screens to different users. For example, one of the user inter 
face routines 58 may provide a screen or set of screens to a 
control operator or to a business person to enable that person 
to set constraints or to choose optimization variables for use 
in a standard control routine or in a control optimizer routine. 
The user interface routine 58 may provide a control guidance 
tool that enables a user to obtain information about the states 
of devices, control loops, units, etc., Such as status and criti 
cality, and to easily see the information related to the prob 
lems with these entities, as that information has been detected 
by other software within the process plant 10. In addition, the 
control guidance tool allows the operator or any other person 
to view the status of and modify maintenance procedures 
related to solving detected or predicted problems with the 
plant assets, including maintenance procedures and correc 
tive measures provided by the CMMS such as work orders, 
part orders or other corrective measures. 
The user interface routine 58 may also provide perfor 

mance monitoring screens using performance monitoring 
data provided by or generated by the tools 23 and 27, the 
maintenance programs such as the AMS application or any 
other maintenance programs, or as generated by the models in 
conjunction with the asset utilization expert 50. Of course, the 
user interface routine 58 may provide any user access to and 
enable the user to change preferences or other variables used 
in any or all functional areas of the plant 10. 

Referring now to FIG. 2, a data flow diagram illustrating 
Some of the data flow between an asset monitoring and main 
tenance system 60 and other data tools or data sources is 
provided. In particular, the asset monitoring and maintenance 
system 60 may receive monitoring information from numer 
ous data collectors or data sources such as multiplexers, trans 
mitters, sensors, hand held devices, control systems, radio 
frequency (RF) transceivers, on-line control systems, on-line 
monitoring systems, web servers, historians, control modules 
or other control applications within the process plant 10, 
interfaces such as user interfaces and I/O interfaces as well as 
data servers such as buses (e.g., Fieldbus, HART and Ethernet 
buses), valves, transceivers, sensors, servers and controllers 
and other plant assets such as process instrumentation, rotat 
ing equipment, electrical equipment, power generation 
equipment, variable speed drivers, etc. This data can take on 
any desired form based on how the data is generated or used 
by other functional systems. Still further, this data may be 
sent to the asset monitoring and maintenance system 60 using 
any desired or appropriate data communication protocol and 
communication hardware such as the XML protocol dis 
cussed above. Generally speaking, however, the plant 10 will 
be configured so that the asset monitoring and maintenance 
system 60 automatically receives specific kinds of data from 
one or more of the data sources. 

Also, the asset monitoring and maintenance system 60 
receives information from data analysis tools such as typical 
maintenance data analysis tools which are currently provided 
today, performance tracking tools, such as those associated 
with devices, as well as performance tracking tools for pro 
cess control systems like that described in U.S. Pat. Nos. 
6.298.454 and 6,633,782 identified above. The data analysis 
tools may also include, for example, a root cause application 
which detects root causes of certain types of problems, event 
detection such as that described in U.S. Pat. No. 6,017,143, 
regulatory loop diagnostics such as that disclosed in U.S. Pat. 
No. 6,387,114 to Eryureketal. (issued May 28, 2002), which 
is hereby expressly incorporated by reference herein, impulse 
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lines plugging detection applications, such as that described 
in U.S. Pat. No. 6,654,697 to Eryurek et al. (issued Nov. 25, 
2003), which is hereby expressly incorporated by reference 
herein, other plugged line detection applications, device sta 
tus applications, online monitoring devices, device configu 
ration applications, device storage, historian and information 
display tools, online monitoring tools such as AMS Device 
Manager and AMS Machinery Manager, and Explorer appli 
cations and audit trail applications. Monitoring data and 
analysis data may further be received from the asset utiliza 
tion expert 50, including the use indices described above. 

Further, the asset monitoring and maintenance system 60 
can receive maintenance data related to maintenance activi 
ties within the process plant 10 from maintenance applica 
tions 66, including CMMS and other work order generation 
routines 54. For example, the asset monitoring and mainte 
nance system 60 may receive data relating to work orders and 
part orders generated by the maintenance applications 66. 
including details regarding the orders such as the request for 
the order, the status of the order, the personnel involved, the 
parts involved, the maintenance procedures for the asset, the 
time and date the order was generated, etc. Additional infor 
mation received by the asset monitoring and maintenance 
system 60 can include details regarding the problem or pre 
dicted problem with the asset and the alert or alarm that 
prompted the order. 

Still further, the asset monitoring and maintenance system 
60 can receive data and any information from process control 
data analysis tools such as the advanced control expert 52. 
model predictive control process routines Such as those 
described in U.S. Pat. No. 6,721,609 to Wojsznis et al. (issued 
Apr. 13, 2004), which is hereby expressly incorporated by 
reference herein, and U.S. Pat. No. 6,445,963 to Blevins et al. 
(Issued Sep. 3, 2002), which is hereby expressly incorporated 
by reference herein, tuning routines, fuZZy logic control rou 
tines and neural network control routines, as well as from 
virtual sensors such as that described in U.S. Pat. No. 5,680, 
409 to Qinet al., which is expressly incorporated by reference 
herein and which may be provided within the plant 10. 

Still further, the asset monitoring and maintenance system 
60 may receive information from data analysis tools related to 
rotating equipment Such as on-line vibration, RF wireless 
sensors and hand-held data collection units, oil analysis asso 
ciated with rotating equipment, thermography, ultra-Sonic 
systems and laser alignment and balancing systems, all of 
which may be related to detecting problems or the status of 
rotating equipment within the process plant 10. These tools 
are currently known in the art and so will not be described 
further herein. 

Still further, the set monitoring and maintenance system 60 
may receive data related to power management and power 
equipment and Supplies Such as the applications 23 and 27 of 
FIG. 1, which may include any desired power management 
and power equipment monitoring and analysis tools. Addi 
tional data sources from which the asset monitoring and 
maintenance system 60 may receive data include control rou 
tines 62 which may be located in process controllers or inter 
faces associated with those controllers and which may pro 
vide process control data in addition to that provided above, 
optimizers 55 which may provide optimization data, models 
56 which may provide the indices described above and pro 
cess performance data, business applications 64, etc. 

In addition, the asset monitoring and maintenance system 
60 may receive criticality data from failure defense planning 
evaluations 68 which may be provided via a database within 
the plant 10 or as a remote service. Generally, the failure 
defense planning evaluations are typically structured in a 
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hierarchical manner where assets are composed of other 
assets. For example, various equipment or devices within the 
process plant may be interconnected in physical and/or logi 
cal groups to create a logical process, such as a control loop. 
Likewise, a control loop may be interconnected with other 
control loops and/or devices to create sub-units. A Sub-unit 
may be interconnected with other sub-units to create a unit, 
which in turn, may be interconnected with other units to 
create an area. Process plants generally include intercon 
nected areas, and business entities generally include process 
plants which may be interconnected. As a result, a process 
plant includes numerous levels of hierarchy having intercon 
nected assets, and a business enterprise may include intercon 
nected process plants. This organization allows users to view 
and manage the plant 10 and maintenance activities of the 
systems and assets within the plant 10. The corresponding 
criticality data relates to the importance of the assets within 
the plant 10 and may be useful when viewing status informa 
tion and making maintenance decisions. 
The criticality data may be provided as a result of on-site 

evaluations by service personnel. Such as the failure defense 
planning services provided by CSi Systems of Knoxville, 
Tenn., which includes evaluating the various assets within a 
plant and determining their effect on other operations in the 
plant, including, but not limited to, process control opera 
tions, business functions and maintenance functions. For 
example, some equipment (e.g., a strategically placed valve) 
is considered more critical to the larger loop, Sub-unit, unit, 
area, plant, etc. of which the equipment is a part. If the 
equipment were to fail, it would have more of an impact on the 
loop, Sub-unit, unit, area, etc. than if the other equipment 
(e.g., rotating equipment) were to fail. Such equipment would 
therefore deserve priority over the other equipment. In turn, 
the remaining equipment may have varying degrees of impor 
tance within the loop, Sub-unit, unit or area. The on-site 
evaluations conclude that such equipment has a greater 
impact and therefore has greater importance within the plant. 
The criticality data for the equipment reflects the fact that it 
has a greater importance than other equipment, and may be 
expressed as a quantitative interpretation Such as a mainte 
nance priority index. 

In one example, the asset monitoring and maintenance 
system 60 uses data received from the above data sources to 
oversee the status of various assets within the plant 10 or 
business entity, at various levels of hierarchy. In particular, by 
collecting asset status information and criticality data from 
disparate sources to a common source, the asset monitoring 
and maintenance system 60 allows a variety of users to view 
status information of equipment in conjunction with the criti 
cality data to provide an improved understanding of the 
importance of the equipment to the loop, Sub-unit, unit, area, 
plant, etc. Because the asset monitoring and maintenance 
system 60 allows the user to view the assets at various levels 
of hierarchy, a user may further view the status of a loop in 
conjunction with its importance, view the status of a Sub-unit 
in conjunction with its importance, etc. The user is thereby 
able to make more informed decisions in response to the 
status of various assets. 

Still further, the asset monitoring and maintenance system 
60 may provide data to enterprise resource planning tools 
Such as those typically used in business Solutions or business 
computers 35 and 36. These applications may include pro 
duction planning tools which control production planning, 
material resource planning, the work order generation tool 54 
which automatically generates part orders, work orders, or 
Supply orders for use in the business applications, etc. Of 
course, the part order, work order and Supply order generation 
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may be completed automatically by the asset monitoring and 
maintenance system 60 as described further below, which 
decreases the time required to recognize that an asset needs to 
be fixed as well as the time is takes to receive the parts 
necessary to provide corrective action with respect to main 
tenance issues. 

The asset monitoring and maintenance system 60 may also 
provide information to the maintenance system applications 
66, which not only alert maintenance people to problems 
immediately, but also take corrective measures Such as order 
ing work, parts, etc. which will be needed to correct a prob 
lem. Still further, new models 56 may be generated using 
types of information that are available to the asset monitoring 
and maintenance system 60 but that were previously unavail 
able to any single system. Of course, it will be understood 
from FIG. 2 that the asset monitoring and maintenance sys 
tem 60 not only receives information or data from the data 
models and the analysis tools but, also receives information 
from and provides information to enterprise resource tools, 
maintenance tools and process control tools. For example, the 
asset monitoring and maintenance system 60 may provide 
data back to the controls expert 52, the asset utilization expert 
50, business applications 64, optimizers 55, maintenance sys 
tems 66, control routines 62, models 56 and other systems and 
applications within the plant 10 to perform improved diag 
nostics and analysis, optimization, maintenance decisions, 
business decisions, process control decisions, etc. for any 
level of hierarchy within the process plant 10. For example, 
the asset utilization expert 50, optimizers 55, control expert 
52, control routines 62 and process control operators may 
make improved decisions regarding optimization within the 
plant 10 through a better understanding of the status of plant 
assets in relation to their importance. Likewise, maintenance 
systems 66, work order generation routines 54 and mainte 
nance personnel may make improved maintenance decisions, 
Such as the order in which assets are repaired or maintained, 
the generation and expediency of work orders or part orders, 
etc. Business applications 64 and business personnel may use 
the data from the asset monitoring and maintenance system 
60 to make improved business decisions regarding produc 
tion, Supply orders, etc. 

In addition, the asset monitoring and maintenance system 
60 oversees (and may actually execute) corrective measures 
within the plant 10, including corrective measures provided 
by CMMS, the work order generation routine 54, mainte 
nance system applications 66, and the like. As mentioned 
above, maintenance personnel may make improved decisions 
regarding which asset to repair, including prioritization of 
work orders and part orders for repairing a problem with an 
asset. In addition, maintenance personnel or other users may 
view the status of work orders and part orders generated by 
the CMMS, work order generation routine 54, maintenance 
system applications 66, etc. and make decisions based on the 
status of Such orders. Based on the criticality of an asset, a 
work or part order that has been generated but not yet 
executed may be given a new priority, such as expediting an 
order for a critical asset having a poor status, or otherwise 
rescheduling orders based on the importance of the corre 
sponding assets. Further, the specifics of an order may be 
modified by the user based on the status and importance of an 
asset including ordering additional or different parts, addi 
tional work, modification of the frequency of maintenance 
activities, assign additional or different maintenance person 
nel to the repair of an asset, etc. Accordingly, a user may not 
only track maintenance activities within the plant 10, but may 
better optimize the maintenance activities within the plant 10 
and direct maintenance activities based not only on the status 
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of the assets, but also based on the importance of the asset to 
the loop, Sub-unit, unit, area or plant. 

In one example, the asset monitoring and maintenance 
system 60 may include an expert engine which may include a 
set of rules that utilize the status data, maintenance data 
and/or the criticality data to perform the above activities, 
including monitoring existing orders or other maintenance 
activities, modifying existing maintenance activities, initiat 
ing new maintenance activities, re-prioritizing maintenance 
activities, etc. In one example, expert engine of the asset 
monitoring and maintenance system 60 may be similar to the 
work order generation routine 54. As a result, a critical asset 
having a poor status indicator may automatically result in an 
analysis of the problem to determine the cause and generate a 
Solution. The solution may be based on maintenance proce 
dures previously developed by and received from the CMMS 
or other maintenance application 66. Accordingly, the asset 
monitoring and maintenance system 60 may automatically 
generate an appropriate work order and/or part order directed 
to the specifics of the problem, including assigning particular 
maintenance personnel to the problem, ordering particular 
parts to solve the problem, etc. and communicating the order 
to the appropriate personnel, part Supplier, etc. Alternatively, 
a work order or part order previously generated by the CMMS 
or work order generation routine 54 may be automatically 
modified by the asset monitoring and maintenance system 60 
to provide a more optimal response to problems within the 
plant 10 and better utilize maintenance resources. 

Moreover, one or more coordinated user interface routines 
58 may communicate with the asset monitoring and mainte 
nance system 60 as well as any other applications within the 
plant 10 to provide help and visualization to operators, main 
tenance persons, business persons, etc. The operators and 
other users may use the coordinated user interface routines 58 
to perform or to implement predictive control, change set 
tings of the plant 10, view help within the plant 10, or perform 
any other activities related to the information provided by the 
asset monitoring and maintenance system 60. As discussed 
above, the user interface routines 58 may include an operator 
guidance tool that receives information from the asset moni 
toring and maintenance system 60, which can be used by an 
operator or other user to help perform many functions such as 
viewing the status of a process or devices within the process, 
to view the status of a corrective measure, initiate new cor 
rective measure, modify an existing corrective measure, etc. 
Still further, the user interface routines 58 may be used to 
view data or to obtain data from any of the tools in the other 
parts of the process plant 10 via, for example, the asset utili 
zation expert 50 and the failure defense planning evaluations 
68. For example, managers may want to know what is hap 
pening in the process or may need high level information 
related to the process plant 10 to make strategic plans. 
The user interface routines 58 provides a graphical user 

interface (GUI) that is integrated with the asset monitoring 
and maintenance system 60 described herein to facilitate a 
users interaction with the various monitoring and mainte 
nance capabilities provided by the asset monitoring and 
maintenance system 60. However, before discussing the GUI 
in greater detail, it should be recognized that the GUI may 
include one or more software routines that are implemented 
using any suitable programming languages and techniques. 
Further, the software routines making up the GUI may be 
stored and processed within a single processing station or 
unit, Such as, for example, a workstation, a controller, etc. 
within the plant 10 or, alternatively, the software routines of 
the GUI may be stored and executed in a distributed manner 
using a plurality of processing units that are communicatively 
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coupled to each other within the asset monitoring and main 
tenance system 60. For example, the user interface routine 58 
and GUI may be incorporated as part of a web-based software 
routine that permits a user to view status, criticality and main 
tenance data via a network connection, Such as over the Plant 
wide LAN37, the Internet, or other communications system, 
thereby allowing a user to the status and criticality, and any 
associated corrective measures, on a device, loop, unit, area, 
etc. remotely from where that device, loop, unit, area, etc. is 
located or even remotely from the process plant 10. For 
example, reports, or Summaries thereof, may be sent to 
phones, pagers, electronic mail, etc. This may be particularly 
useful if the report is time critical (e.g., a device failure alert). 
An example of a method and system that could permit a user 
to view data via a communications system to a pager, cellular 
phone, personal digital assistant, email address, laptop com 
puter, desktop computer, or any other type of device or hard 
ware platform may be found in U.S. patent application Ser. 
No. 10/123,445 entitled “Web Services-Based Communica 
tions For Use With Process Control Systems, which was filed 
on Apr. 15, 2002, and which is expressly incorporated herein 
by reference. 

Preferably, but not necessarily, the GUI may be imple 
mented using a familiar graphical windows-based structure 
and appearance, in which a plurality of interlinked graphical 
views or pages include one or more pull-down menus that 
enable a user to navigate through the pages in a desired 
manner to view and/or retrieve a particular type of informa 
tion. The features and/or capabilities of the asset monitoring 
and maintenance system 60 described above may be repre 
sented, accessed, invoked, etc. through one or more corre 
sponding pages, views or displays of the GUI. Furthermore, 
the various displays making up the GUI may be interlinked in 
a logical manner to facilitate a user's quick and intuitive 
navigation through the displays to retrieve a particular type of 
information or to access and/or invoke a particular capability 
of the asset monitoring and maintenance system 60. 

Generally speaking, the GUI described herein provides 
intuitive graphical depictions or displays of business entities, 
process plants 10, process control areas, units, loops, devices, 
etc. Each of these graphical displays may include numerical 
and/or descriptive status information and criticality informa 
tion that is associated with a particular view being displayed 
by the GUI. For example, a display depicting a process con 
trol area may provide a set of indices reflecting the status of 
that area (i.e., a particular portion of the process control 
system at a particular level of the equipment hierarchy) and a 
maintenance priority index or other quantitative representa 
tion of the criticality of the area. On the other hand, a display 
depicting a device may provide a set of status indices and 
criticality index associated with that particular device. In any 
event, a user may use the status information and criticality 
information shown within any view, page or display to 
quickly assess whether a problem exists within any of the 
devices, loops, etc. depicted within that display and the assess 
the optimal response to the problem. 

Additionally, the GUI described herein may automatically, 
or may in response to a request by a user, provide maintenance 
information to the user. The maintenance information may be 
provided by any portion of the asset monitoring and mainte 
nance system 60. Similarly, the GUI may display alarm infor 
mation, process control information, etc., which may also be 
provided via the asset monitoring and maintenance system 
60. Still further, the GUI may provide messages to the user in 
connection with a problem that has occurred or which may be 
about to occur within the plant 10. These messages may 
include graphical and/or textual information that describes 
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the problem, Suggests possible changes to the system which 
may be implemented to alleviate a current problem or which 
may be implemented to avoid a potential problem, describes 
courses of action that may be pursued to correct or to avoid a 
problem, etc. 

FIG.3 is an exemplary depiction of a graphical display that 
may be provided by the GUI to provide status, criticality and 
corrective measure data to a user to quickly analyze assets 
within a business entity or plant 10 which have been deter 
mined to have a high priority for maintenance activities. As 
shown in FIG. 3, the GUI may graphically depict the assets 
with a high priority for maintenance activities. In particular, 
the GUI provides details 100 regarding the assets, including 
an alphanumeric identifier (e.g., CR-2000) that uniquely 
identifies that asset within the plant. Each asset may be dis 
played with a corresponding description of the asset, the type 
of asset, manufacturer and model may be provided within the 
display. 

With each corresponding asset, the criticality of the asset is 
displayed as provided via the failure defense planning evalu 
ations. As noted in FIG. 3, the criticality is provided as a 
quantitative numerical value 102, though it should be recog 
nized that different representations of criticality may be uti 
lized, such as alphanumeric representations, various colors or 
shadings representing different degrees of criticality, or any 
other manner of visual representation. Ideally, the represen 
tation is provided to enable a user to quickly ascertain the 
criticality of the asset. 

Likewise, the status of each asset is displayed as a quanti 
tative value 104 with corresponding colors and shadings to 
quickly ascertain the status of the devices. By way of example 
only, health index values for the high priority assets are dis 
played. However, different status information may be dis 
played for any of the assets as desired, examples of which 
have been provided throughout this disclosure. As can be 
appreciated from the display shown in FIG. 3, a user can 
quickly ascertain which assets within a plant 10 that need 
immediate attention, which may becausing a particular prob 
lem and/or which require expedited corrective measures. It 
should be noted that while not all assets have particularly poor 
health, the criticality value 102 may nonetheless dictate that 
the asset required maintenance in order to optimize the loop, 
Sub-unit, unit, area or plant of which the asset is a part, 
because the degraded health, even if relatively minimal, may 
have a significant impact on the loop, Sub-unit, unit, area, 
plant, etc. 
A summary of additional status information 106 associated 

with the asset, including indications of various diagnostics or 
analysis that may have been performed with respect to the 
asset (e.g., oil analysis, ultrasonic analysis, vibration analy 
sis, infrared thermography analysis, calibration, etc.) are dis 
played. The status or result of each analysis may be depicted 
by corresponding alphanumeric and/or color/shading indica 
tors, though it should be recognized that various other graphi 
cal depictions may be utilized. As disclosed above, orders 
such as work and part orders may be generated by the CMMS 
or the work order generation routine 54. The status 108 of the 
order, if any, is displayed for each asset. 

It will also be understood from viewing the GUI of FIG.3 
that a user may be provided with a plantwide view of the 
assets and view successively lower and lower entities within 
a plant and be provided Status information about each of these 
differententities or views. Thus, for example, a user may look 
at a view of the plant and see status information for the plant. 
The user may then focus on one asset, Such as by selecting one 
of the assets within the plant view, and see the status infor 
mation associated with that asset whether it be a device, loop, 
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Sub-unit, unit, area, etc. A user may use amouse to click on the 
asset, or the associated alphanumeric identifier or, alterna 
tively, may enter the identifier via a keyboard, to request a new 
window or a pop-up window to display status information for 
that asset. For example, user may use a mouse to click on an 
area to display status information for that area. Similarly, by 
clicking on units within the displayed area, the status infor 
mation for different units may be viewed. Likewise, status 
information for loops, Sub units, devices etc. may then be 
viewed by focusing in on these different entities from a view 
of an entity in which these lower level entities are located. In 
this manner, a user can quickly find the cause of a problem or 
potential problem at any point or level of the plant, find 
maintenance activities at any level of the plant, identify high 
priority assets at any level of the plant, etc. 

Each asset, status information, description, criticality 
information and corrective measures listed in the display may 
be arranged to allow a user to request further detailed infor 
mation regarding that status information and/or entity. For 
example, the listed assets, status information, descriptions, 
criticality information and associated corrective measures 
may be user selectable icons, similar to a hyperlink in a web 
page, that link to another report featuring further detailed 
information associated with the selected entity or status infor 
mation. In response to a user action or request (e.g., clicking 
on the link), the display of FIG.3 may be replaced with the 
more detailed information, or alternatively, a new window 
may appear reporting on the further detailed status informa 
tion regarding the selected asset or view. For example, a user 
may select one of the high priority assets to immediately view 
high priority problems within the plant 10, or the user may 
select a plantwide view (labeled “Dashboard”). Additional 
selections include an audit trail of events within the plant 
(“Event History'), all active alerts within the plant 10, a 
listing of all assets within the plant 10, and browse/search 
function for finding a specific asset. 

FIGS. 4-8 are exemplary depictions of graphical displays 
that may be provided by the GUI to enable a user to view 
further information relating to a high priority asset (e.g., 
CR-2000) listed in the display of FIG. 3. Notably, the GUI 
enables a user to navigate among the various assets within the 
process plant 10 and view various status information, criti 
cality information and maintenance information for the plant 
and any asset thereof to provide consolidated reporting for all 
assets within the process plant 10. As shown in FIGS. 4-8, a 
user is provided with a tree level view 200 of the various 
assets within the process plant 10. The tree level view 200 
permits the user to easily navigate to view status, criticality 
and maintenance information regarding different assets 
within the process plant 10. In this particular example, the tree 
level view 200 is arranged according to the assets within the 
plant 10, various plants within a business entity and various 
status information (e.g., compressor results) pertaining to the 
selected asset. However, the tree level view 200 may be 
arranged in any desired manner according to user prefer 
ences. Therefore, the tree level view 200 may be arranged 
according to the various levels within the process plant 10, the 
assets within the plant 10, data sources used to provided the 
information displayed by the GUI, or any other desired con 
figuration. 

Alongside the tree level view 200, is a representation of 
further details regarding the selected asset. For example, in 
FIG. 4 a summary of the compressor CR-2000 is shown with 
details regarding its operating period and efficiency during 
the operating period. As with the tree level view 200, the 
Summary may be user-configurable to list various status 
information, criticality information or maintenance informa 
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18 
tion relating to the selected asset. For example, the display of 
FIG. 4 allows a user to view a Summary of the operating 
period and corresponding efficiency data during the operating 
period associated with the compressor CR-2000. In response 
to a user action or request, (e.g., clicking on the link), the 
display of FIG.4 may be replaced with graphical representa 
tions of the efficiency (FIG. 5) or the polytropic efficiency 
(FIG. 6) of the compressor during the indicated reporting 
period. 

Each listed asset or status information may be user select 
able to bring up even further detailed information regarding 
that asset, for example, by using dynamic links associated 
with each listed asset, data source, etc. In response to a user 
request (e.g. clicking on the alphanumeric identifier), status 
information regarding the details pertaining to compressor 
CR-2000 may be displayed in a summary as shown in FIG. 7. 
Any or all details regarding compressor CR-2000, including 
identification information (e.g., name, location, manufac 
turer, model), calibration status, analyses, operating period, 
efficiency, etc. may then be displayed in a separate window or 
in the same window. Further, a picture 210 of the physical 
device, or representation thereof, is provided to provide a 
clear visual representation of the asset at issue. The physical 
device is displayed alongside a graphical meter or gauge 212 
(i.e., the pie graph) that enables a user to quickly determine 
the status (e.g., health) associated with the asset. Further, the 
criticality information, maintenance status and data sources 
are provided. It will be understood that the particular status 
information, criticality information or corrective measure 
information being displayed is not limited to any particular 
type, amount or level of detail. Instead, as described more 
fully below, the information that may be displayed can vary 
according to a user's need and/or preference. 
As shown in FIG. 8, a user may request, and the GUI may 

display, information Summarizing the plants within a busi 
ness enterprise by selecting the corresponding business enter 
prise view from the tree level view 200. Accordingly, a sum 
mary of each of the plants 10 may be displays, including 
corresponding operating periods, assets, asset details, etc. 

FIGS. 9-17 are further exemplary depictions of graphical 
displays that may be provided by the GUI in response to a user 
request to view further status, criticality and maintenance 
information for different assets at various level of the process 
plant 10. For example, in response to a user request to display 
a plantwide view (“Dashboard') from the display of FIG. 3. 
Notably, a tree level view 300 is displayed and arranged 
according the various levels within the plant 10 and according 
to the various data sources. Accordingly, the menu 300 per 
mits the user to easily navigate to view status information 
regarding different levels and entities within the plant 10, 
Such as various devices, loops, units, areas, etc., including 
status information regarding the plant 10 itself. The menu 300 
is further arranged according to the types of information that 
may be viewed, and may be arranged according to any other 
desired configuration. 

FIG. 9 is exemplary depiction of a display that may be 
provided by the GUI to enable a user to view a summary of the 
plant 10, including a listing of the plant assets, active alerts, 
active alerts by severity, information regarding recent events, 
and an aggregate index in connection with the plant. Each of 
the displays, other than the index, is user configurable to 
select different views of plantwidealerts, assets, events, etc. A 
user may use a mouse to click on a given asset, event, alert, 
etc., to request a corresponding information. In this manner, a 
user can view additional detailed information about any 
aspect of the plant 10. 
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Above the listed status information for the plant 10 are 
more user selectable icons responsive to user actions which 
bring up further detailed status information. These user 
selectable icons (or "tabs') reflect summary views of avail 
able information and are arranged along the top of the display 
to allow navigation among further available status informa 
tion. For example, as shown in FIG. 10, a user may view all 
assets within the plant 10 by selecting the Assets” tab. The 
resulting display includes a listing of all assets within the 
plant 10 along with the corresponding status information, 
criticality information and associated corrective measures. 
As shown in FIG. 11, a user may view all current alerts or 

events associated with the plant 10 by selecting the “Active 
Alerts” tab. The resulting display of active alert information 
may list each of the of the assets that currently have a prob 
lem, along with details regarding the alert Such as the date/ 
time, identification of the asset, severity of the alert, criticality 
of the asset, location, etc. Any or all details regarding an active 
alert associated with an asset, (e.g., CR-2000) may be dis 
played as shown in the display of FIG. 7 above. The details 
may further include recommended actions to be taken given 
the status information (e.g., maintenance) along with expla 
nations of or the degree of the current status of the asset (e.g., 
severity, urgency, etc.) and description (e.g. currently operat 
ing outside defined limits). 
As shown in FIG. 12, a historical summary or audit trail 

may be displayed in response to a user request for “Event 
History'. In this particular example, the history regarding all 
assets within the plant 10 are displayed to allow the user to 
quickly assess the progression of the status of each of the 
assets and the corresponding history. The historical Summary 
may further be used to display a history of all entities within 
a given location, a history of a particular entity, a history of a 
particular type of fault, etc. Each historical entry may further 
be user selectable to display details regarding that particular 
event. Examples of some of the details that may be listed 
include date and time of the event, the type of event, a brief 
description of the event, event location, etc. 

Using the tree level view 300, a user may view various 
levels and data sources within a plant 10 and corresponding 
information regarding each level or data source. For example, 
with reference to FIGS. 14-17, a user may use the tree level 
view 300 to view an area within the plant 10 (FIG. 14), 
specific data sources (FIG. 15), data sources by location 
(FIGS. 16 and 17). Each corresponding view includes a sum 
mary of status information regarding each selected view, Such 
as the corresponding assets, alerts, events, etc. Notably with 
each display, the tabs described above are provided to display 
asset information, alert information and historical event 
information as desired by the user. 

While the asset monitoring and maintenance system 60 and 
other process elements have been described as preferably 
being implemented in Software, they may be implemented in 
hardware, firmware, etc., and may be implemented by any 
other processor associated with the process control system 
10. Thus, the elements described herein may be implemented 
in a standard multi-purpose CPU or on specifically designed 
hardware or firmware such as an application-specific inte 
grated circuit (ASIC) or other hard-wired device as desired. 
When implemented in software, the software routine may be 
stored in any computer readable memory Such as on a mag 
netic disk, a laser disk, or other storage medium, in a RAM or 
ROM of a computer or processor, in any database, etc. Like 
wise, this software may be delivered to a user or a process 
plant via any known or desired delivery method including, for 
example, on a computer readable disk or other transportable 
computer storage mechanism or over a communication chan 
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nel Such as a telephone line, the internet, wireless communi 
cation, etc. (which are viewed as being the same as or inter 
changeable with providing Such software via a transportable 
storage medium). Also, while the asset monitoring and main 
tenance system 60 is described as possibly being a rule-based 
expert, other types of expert engines could be used as well, 
including those which use other known data mining tech 
niques. 

Thus, while the present invention has been described with 
reference to specific examples, which are intended to be illus 
trative only and not to be limiting of the invention, it will be 
apparent to those of ordinary skill in the art that changes, 
additions or deletions may be made to the disclosed embodi 
ments without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. A non-transitory computer-readable storage medium 

having computer-executable instructions stored on the com 
puter-readable storage medium for implementing a method of 
monitoring corrective measures within a process plant com 
prising: 

receiving equipment data pertaining to the status of equip 
ment within the process plant; 

receiving corrective measure data pertaining to the status 
of a corrective measure associated with the equipment, 
wherein a corrective measure comprises a plurality of 
stages of execution and the status of the corrective mea 
Sure pertains to the stage of execution of the corrective 
measure; 

receiving criticality data pertaining to the importance of the 
equipment within the process plant, wherein the critical 
ity data comprises a quantification of a failure defense 
planning evaluation of the importance of the entity as the 
entity affects other entities and/or operations within the 
process plant; and 

using the criticality data with the equipment data and the 
corrective measure data to perform a further function 
pertaining to the corrective measure associated with the 
equipment. 

2. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the equipment is one of a plurality of equipment comprising 
an entity within the process plant, and wherein the criticality 
data pertains to the importance of the equipment among the 
plurality of equipment within the entity. 

3. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the further function is a corrective measure prioritization 
function and the instructions for using the criticality data with 
the equipment data and the corrective measure data to per 
form the further function comprises instructions for changing 
the priority of the corrective measure among a plurality of 
corrective measures. 

4. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the instructions for receiving equipment data comprises 
instructions for receiving equipment data from one or more 
equipment monitoring devices. 

5. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the instructions for receiving equipment data comprises 
instructions for receiving on-line monitoring data pertaining 
to the equipment. 

6. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
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the instructions for receiving equipment data comprises 
instructions for receiving a use index representative of the 
status of the equipment. 

7. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 6 wherein 
the use index pertains to one or more of the following: health 
of the equipment, performance of the equipment, utilization 
of the equipment and variability of the equipment. 

8. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the instructions for receiving corrective measure data com 
prises instructions for receiving data pertaining to an order for 
taking the corrective measure to solve a problem with the 
equipment. 

9. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the instructions for receiving corrective measure data com 
prises instructions for receiving a request for an order for 
taking the corrective measure to solve a problem with the 
equipment. 

10. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the instructions for receiving corrective measure data com 
prises instructions for receiving a maintenance request to 
service the equipment. 

11. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the instructions for receiving corrective measure data com 
prises instructions for receiving a notification of a predicted 
future problem with the equipment. 

12. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the instructions for receiving corrective measure data com 
prises instructions for receiving maintenance procedures per 
taining to Solving a problem with the equipment. 

13. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the instructions for receiving corrective measure data com 
prises instructions for receiving data pertaining to a work 
order for performing maintenance related to Solving a prob 
lem with the equipment. 

14. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the instructions for receiving corrective measure data com 
prises instructions for receiving data pertaining to a part order 
related to Solving a problem with the equipment. 

15. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the further function comprises an order generation function 
and wherein the instructions for using the equipment data and 
the corrective measure data to perform a further function 
comprises instructions for generating an order in response to 
a detected problem with the equipment, wherein the detected 
problem is based on the data pertaining the status of the 
equipment and the order relates to taking one or more correc 
tive measures to solve the problem. 

16. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 15 wherein 
the order comprises a part order ordering one or more parts 
needed for the process plant, the computer-readable storage 
medium further comprising instructions for communicating 
the part order to a supplier of the part. 

17. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 15 wherein 
the order comprises a work order ordering work to be per 
formed within the process plant, the computer-readable stor 
age medium further comprising instructions for communicat 
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22 
ing the work order to one or more maintenance personnel 
capable of performing the maintenance. 

18. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 15 wherein 
generating an order comprises determining the corrective 
CaSU. 

19. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the further function comprises an order generation function 
and wherein the instructions for using the equipment data and 
the corrective measure data to perform a further function 
comprises instructions for modifying an existing order for 
taking the corrective measure to solve a problem with the 
equipment. 

20. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 1 wherein 
the further function comprises a viewing function and 
wherein the instructions for using the equipment data and the 
corrective measure data to perform a further function com 
prises instructions for creating a display Screen using the 
equipment data and the corrective measure data to view a 
representation of the corrective measure. 

21. A system to be used in a process control environment 
for monitoring corrective measures within a process plant 
comprising: 

a computer readable memory; 
a database operatively coupled to the computer system, the 

database adapted to store criticality data pertaining to 
the importance of the equipment within the process 
plant, wherein the criticality data comprises a quantifi 
cation of a failure defense planning evaluation of the 
importance of the entity as the entity affects other enti 
ties and/or operations within the process plant; 

a routine stored on the computer readable medium and 
adapted to be executed by a processor to receive equip 
ment data pertaining to the status of equipment within 
the process plant; 

a routine stored on the computer readable medium and 
adapted to be executed by a processor to receive correc 
tive measure data pertaining to the status of one or more 
corrective measures associated with the equipment, 
wherein a corrective measure comprises a plurality of 
stages of execution and the status of the one or more 
corrective measures pertains to the stage of execution of 
the one or more corrective measures; and 

a routine stored on the computer readable medium and 
adapted to be executed by a processor to use the criti 
cality data with the equipment data and the corrective 
measure data to perform a further function within the 
process plant. 

22. The system of claim 21 further comprising process 
equipment monitoring devices operatively coupled to the 
computer readable memory that collect the equipment data 
pertaining to the status of equipment within the process plant. 

23. The system of claim 21 further comprising on-line 
monitoring devices operatively coupled to the computer read 
able memory that collect on-line monitoring data pertaining 
to the equipment within the process plant. 

24. The system of claim 21 further comprising a mainte 
nance monitoring system operatively coupled to the com 
puter readable memory that collects the corrective measure 
data pertaining to the status of one or more corrective mea 
Sures associated with the equipment. 

25. The system of claim 21 wherein the equipment is one of 
a plurality of equipment comprising an entity within the pro 
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cess plant, and wherein the criticality data pertains to the 
importance of the equipment among the plurality of equip 
ment within the entity. 

26. The system of claim 21 wherein the further function is 
a corrective measure prioritization function, the system fur 
ther comprising a routine stored on the computer readable 
medium and adapted to be executed by a processor to use the 
criticality data with the equipment data and the corrective 
measure data to change a priority of the corrective measure 
among a plurality of corrective measures. 

27. The system of claim 21 wherein the further function 
comprises an order generation function, the system further 
comprising a routine stored on the computer readable 
medium and adapted to be executed by a processor to use the 
equipment data and the corrective measure data to generate an 
order in response to a detected problem with the equipment, 
wherein the detected problem is based on the data pertaining 
to the status of the equipment and the order relates to taking 
one or more corrective measures to solve the problem. 

28. The system of claim 27 wherein the order comprises a 
part order ordering one or more parts needed for the process 
plant, the system further comprising a routine stored on the 
computer readable medium and adapted to be executed by a 
processor to communicate the part order to a Supplier of the 
part. 

29. The system of claim 27 wherein the order comprises a 
work order ordering work to be performed within the process 
plant, the system further comprising a routine stored on the 
computer readable medium and adapted to be executed by a 
processor to communicate the work order to one or more 
maintenance personnel capable of performing the mainte 
aC. 

30. The system of claim 27 further comprising a routine 
stored on the computer readable medium and adapted to be 
executed by a processor to determine the corrective measure. 

31. The system of claim 21 wherein the further function 
comprises an order generation function, the system further 
comprising a routine stored on the computer readable 
medium and adapted to be executed by a processor to modify 
an existing order for taking the corrective measure to solve a 
problem with the equipment. 

32. The system of claim 21 wherein the further function 
comprises a viewing function, the system further comprising 
a routine stored on the computer readable medium and 
adapted to be executed by a processor to create a display 
screen using the equipment data and the corrective measure 
data to view a representation of the corrective measure. 

33. A non-transitory computer-readable storage medium 
having computer-executable instructions stored on the com 
puter-readable storage medium for implementing a method of 
monitoring corrective measures withina process plant includ 
ing an entity having a plurality of lower level entities com 
prising instructions for: 

receiving status data pertaining to the status of the entity; 
receiving corrective measure data pertaining to the status 

of a corrective measure associated with the entity, 
wherein a corrective measure comprises a plurality of 
stages of execution and the status of the corrective mea 
Sure pertains to the stage of execution of the corrective 
measure; 

receiving criticality data pertaining to the importance of 
one or more of the lower level entities among the plu 
rality of lower level entities within the entity, wherein 
the criticality data comprises a quantification of a failure 
defense planning evaluation of the importance of the 
entity as the entity affects other entities and/or opera 
tions within the process plant; and 
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using the criticality data with the status data and the cor 

rective measure data to perform a further function per 
taining to the corrective measure associated with the 
entity. 

34. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 33 wherein 
the instructions for receiving status data pertaining to the 
status of the entity comprises instructions for receiving status 
data pertaining to the status of at least one of the plurality of 
lower level entities. 

35. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 33 wherein 
the instructions for receiving corrective measure data pertain 
ing to the status of a corrective measure associated with the 
entity comprises instructions for receiving corrective mea 
Sure data pertaining to the status of a corrective measure 
associated with at least one of the lower level entities. 

36. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 33 wherein 
the further function is a corrective measure prioritization 
function and the instructions for using the criticality data with 
the status data and the corrective measure data to perform the 
further function comprises instructions for changing the pri 
ority of the corrective measure among a plurality of corrective 
CaSUS. 

37. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 33 wherein 
the instructions for receiving corrective measure data com 
prises instructions for receiving data pertaining to an order for 
taking the corrective measure to solve a problem with the 
entity. 

38. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 33 wherein 
the instructions for receiving corrective measure data com 
prises instructions for receiving data pertaining to a work 
order for performing maintenance related to solving a prob 
lem with the entity. 

39. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 33 wherein 
the instructions for receiving corrective measure data com 
prise instructions for receiving data pertaining to a part order 
related to solving a problem with the entity. 

40. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 33 wherein 
the further function comprises an order generation function 
and wherein the instructions for using the status data and the 
corrective measure data to perform a further function com 
prises instructions for generating an order in response to a 
detected problem with the entity, wherein the detected prob 
lem is based on the status data and the order relates to taking 
one or more corrective measures to solve the problem. 

41. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 40 wherein 
the order comprises a part order ordering one or more parts 
needed for the process plant, the computer-readable storage 
medium further comprising instructions for communicating 
the part order to a supplier of the part. 

42. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 40 wherein 
the order comprises a work order ordering work to be per 
formed within the process plant, the computer-readable stor 
age medium further comprising instructions for communicat 
ing the work order to one or more maintenance personnel 
capable of performing the maintenance. 

43. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim 40 wherein 
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the instructions for generating an order comprises instruc 
tions for determining the corrective measure. 

44. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim33 wherein 
the further function comprises an order generation function 
and wherein the instructions for using the status data and the 
corrective measure data to perform a further function com 
prises instructions for modifying an existing order for taking 
the corrective measure to solve a problem with the equipment. 

45. The non-transitory computer-readable storage medium 
having computer-executable instructions of claim33 wherein 
the further function comprises a viewing function and 
wherein the instructions for using the status data and the 
corrective measure data to perform a further function com 
prises instructions for creating a display Screen using the 
equipment data and the corrective measure data to view a 
representation of the corrective measure. 

46. A system for displaying corrective measure status for 
an entity within a process plant having a plurality of entities, 
the system comprising: 

a processor; 
a display; 
a database adapted to store status data for each of the 

plurality of entities, to store corrective measure status 
data for at least one of the plurality of entities, and to 
store criticality data pertaining to the importance of each 
of the plurality of entities among the plurality of entities, 
wherein a corrective measure comprises a plurality of 
stages of execution and the corrective measure status 
data pertains to the stage of execution of the corrective 
measure, and wherein the criticality data comprises a 
quantification of a failure defense planning evaluation of 
the importance of the entity as the entity affects other 
entities and/or operations within the process plant; 
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a routine adapted to be executed by the processor which 

stores a representation of each of the plurality of entities: 
a routine adapted to be executed by the processor which 

displays a set of the representations, which displays the 
status data proximately to each corresponding represen 
tation in the set and which displays the corrective mea 
Sure data of at least one corresponding representation in 
the set; and 

a routine adapted to be executed by the processor which 
displays the criticality data proximately to each corre 
sponding representation in the set. 

47. The system of claim 46 further comprising a routine 
adapted to be executed by the processor which uses the status 
data and the corrective measure data to generate an order 
related to one or more corrective actions to generate an order 
in response to a detected problem with the at least one of the 
plurality of entities, wherein the detected problem is based on 
the status data and the order related to taking one or more 
corrective measures to solve the problem. 

48. The system of claim 46 further comprising a routine 
adapted to be executed by the processor which uses the status 
data and the corrective measure data to modify an existing 
order for taking the corrective measure to solve a problem 
with the at least one of the plurality of entities. 

49. The system of claim 46 further comprising a routine 
adapted to be executed by the processor which uses the criti 
cality data, the status data and the corrective measure data to 
change the priority of the corrective measure among a plural 
ity of corrective measures. 

50. The system of claim 46 wherein the status data com 
prises use indices for each of the plurality of entities, the 
system further comprising a routine adapted to be executed by 
the processor which display use indices proximately to each 
corresponding representation in the set. 
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